This study investigated slime production by coagulase-negative staphylococci (CNS) using the standard tube (ST), Congo red agar (CRA) plate and Christensen's tube (CT) methods, and compared the results with those of the crystal violet reaction (CVR) test. The potential correlation between slime production and antimicrobial resistance was also evaluated. In total, 205 CNS strains were isolated from biological samples: 92 (44.9%) were shown to produce slime by the ST method; 96 (46.8%) by the CRA plate method; 90 (43.9%) by the CT method; and 89 (43.4%) strains were CVR positive. Eighty-three (40.5%) CNS strains were positive for slime production by the ST, CRA and CT methods. The findings of the ST, CRA and CT test methods were consistent with each other but were not related to CVR positivity. Based on the ST method, rates of antibiotic resistance to several antimicrobial agents were higher in slime-positive strains than in slimenegative strains and, in some cases, this was statistically significant.
Introduction
Since coagulase-negative staphylococci (CNS) are present on external areas of the body as part of the normal skin flora, they have historically been considered to be nonpathogenic. When isolated from sites of infection as potential pathogens, however, these bacteria have been found to play a significant role, particularly in the aetiology of nosocomial infections. 1 -3 Medical conditions, such as immune suppression, malignancy, neutropenia, premature birth, dependence on renal dialysis, long-term hospitalization and cardiothoracic surgery H Bozkurt, MG Kurtoglu, Y Bayram et al. Slime production by coagulase-negative staphylococci increase the risk of CNS infections. 1 In addition, CNS have been reported to be resistant to many antibiotics. 1, 4, 5 Various in vivo and in vitro studies have reported that staphylococci yield a viscous extracellular material (slime) consisting of carbohydrate and protein that enables these bacteria to adhere to and colonize prosthetics, rubber medical tools and flat surfaces of the body. 1, 6 While slime production facilitates adherence onto surfaces, enzymes such as β-glucuronidase and phospholipase promote colonization. 7 In another group of studies, slime production increased the severity and potency of infections and protected bacteria from the effects of antibiotics, resulting in antimicrobial resistance. 2,8 -15 Different staphylococci, which are the causative agents of invasive infections, particularly Staphylococcus aureus, generate purple-reacting isolates when cultured on media containing crystal violet, and positive crystal violet reactions (CVR) have been associated with pathogenicity. 16 -19 The present study, therefore, aimed to compare the slime production rates with the antibiotic resistance rates and CVR results of CNS strains isolated from various clinical samples. 
Materials and methods

SAMPLES
MEASUREMENT OF SLIME PRODUCTION
Standard tube (ST) method
For the ST method 2,8 of measuring slime production, CNS strains were inoculated onto 5 ml of Trypticase™ Soy Broth (Oxoid, Columbia, MD, USA) medium and incubated at 37 ºC for 48 h. At the end of this period, the tubes were emptied without shaking and 5 -6 drops of 0.25% saphranine were added to each tube. Slime production was determined by the development of a stained coating on the walls of the tubes. Strains that developed stains in the form of rings at the air-liquid boundary were excluded.
Christensen's tube (CT) method
For the CT method 2 of measuring slime production, strains were inoculated onto 2 ml of Trypticase™ Soy Broth (Oxoid) medium and incubated at 37 ºC for 48 h. At the end of the incubation period, all tubes were emptied and 0.04% trypan blue was added to each. The tubes were then dried, emptied without shaking and evaluated. If the sides of the tubes were coated blue, they were evaluated as positive; if not, they were evaluated as negative.
Congo red agar (CRA) plate method
For the Congo red agar (CRA) plate method, 20 medium containing agar (10 g/l), sucrose (50 g/l), heart infusion liquid (37 g/l) and Congo red liquid (0.8 g/l) was prepared. CNS strains were inoculated onto the culture H Bozkurt, MG Kurtoglu, Y Bayram et al. Slime production by coagulase-negative staphylococci medium and incubated at 37 ºC for 24 h. Strains that formed dark red/black colonies were evaluated as slime positive and those that formed pink colonies were slime negative.
CRYSTAL VIOLET REACTION
In order to measure the CVR, 16 nutrient agar medium containing crystal violet (diluted 1/100 000) was used. A loop of CNS was passaged onto the culture media and incubated at 37 ºC for 48 h. Purple-coloured colonies forming after the incubation period, as defined for S. aureus, were considered CVR positive.
STATISTICAL ANALYSIS
Statistical analysis of the results was carried out using the χ 2 test and P-values < 0.05 were considered statistically significant.
Results
A total of 205 CNS strains, 89 isolated from blood samples, 27 from wounds, 15 from urine, 12 from cerebrospinal fluid and 62 from other materials (abscess, aspiration fluid, tracheotomy materials and osteomyelitis materials), were evaluated. Of these a total of 103 (50.2%) CNS strains were shown to produce slime with one or more of the tests and, of these, 83 (40.5%) were shown to produce slime by all three methods. For the 20 CNS strains where not all of the three methods showed slime production, eight CNS strains were shown to produce slime with only the CRA method, four with only the ST and CT methods, three with the ST and CRA methods, two with the CT and CRA methods, two with only the ST method, and one with only the CT method.
When all three methods were assessed individually, 92 (44.9%) CNS strains were shown to produce slime with the ST method, 90 (43.9%) with the CT method and 96 (46.8%) with the CRA method. The proportions of CNS strains from the different clinical samples that produced slime when evaluated with the three different methods are shown in Table 1 .
Eighty-nine of the 205 CNS strains (43.4%) were found to be CVR positive ( Table  2 ). Of the 83 strains that were shown to produce slime by all three methods, only 49 of these were also CVR positive, indicating that CVR positivity was not related to slime production. 
Slime production by coagulase-negative staphylococci
Resistance rates of the isolated CNS strains to various antimicrobial agents were evaluated using the ST method (Table 3) . Among the slime-positive CNS strains, the highest resistance rates were to ceftriaxone (64.1%), penicillin (63.0%) and clarithromycin (62.0%), whereas the lowest resistance rate was against chloramphenicol (33.7%). Among the slime-negative CNS strains, the highest resistance rates were to penicillin (59.3%), cephalothin (48.7%) and erythromycin and ceftriaxone (each 42.5%), and the lowest resistance rate was to clarithromycin (7.9%). Oxacillin resistance was 50.0% in slime-positive and 44.2% in slime-negative strains. Slime-producing strains had a significantly increased resistance to clarithromycin (P < 0.001), 
Discussion
The fact that CNS are the most frequently isolated strains from hospital infections, especially those infections that develop after invasive interventions, has drawn the attention of researchers to the role of slime production in bacterial adherence and, in particular, the possibility that slime production may play a significant role in the pathogenesis of infections. 21, 22 Since these bacteria also exist in the normal flora, it is essential to determine whether they are real pathogens when isolated from clinical samples. Some researchers have suggested that those S. aureus strains that are positive to the CVR test are associated with hospitalbased invasive infections, that infections produced by slime-producing CNS strains are more difficult to eradicate than infections caused by non-slime-producing strains, and that slime-producing CNS strains are more resistant to many antibiotics. 10 -15,20,23 -30 Of the 205 CNS strains that were evaluated in the present study, although 83 were slime-producing with all three methods (ST, CT and CRA) and a further 20 were slime-producing according to one or two of the methods, 102 strains were slime-negative hence, overall all three methods were largely consistent with each other and there was no important difference between them. Consistent with this study, Arslan and Ozkardes 31 found no significant difference between the CRA and CT methods for detecting slime production in staphylococci. When the three methods were compared with the CVR test, although the ST, CT and CRA tests showed similar slime production results, only about half (49 strains) of these slime-producing strains were also positive to the CVR test.
Various studies have reported slimepositivity rates in CNS that range from 8% to 89% and these rates have also been shown to increase in parallel with increasing antibiotic resistance. 11,14,23,31 -40 In the study by Boynukara et al., 35 the rate of slimepositive CNS was 38.5% from blood samples, 20.5% from tracheal aspirates and 12.8% from urinary samples. Catalanotti et al. 39 determined that slime-positive S. epidermidis and S. aureus strains showed more surface hydrophobic characteristics than slimenegative ones.
In another study, Bartoszewicz et al. 38 showed that slimepositive S. epidermidis strains had a greater adhesion capacity than slime-negative strains.
In the present study, resistance rates to 13 antibiotics were determined and shown to be higher in the slime-positive strains than in the slime-negative strains; resistance rates were statistically significantly higher for clarithromycin, clindamycin, rifampicin, gentamicin, ciprofloxacin and ceftriaxone. Findings consistent with these have previously been reported by Gurdogan et al. 41 Nayak et al. 42 40 demonstrated a resistance rate to penicillin of 83.3% in CNS strains isolated from chronic sinusitis patients whereas there was no resistance to vancomycin and teicoplanin. They also found a statistically significant difference in the resistance rates of slime-positive and slime-negative CNS strains to gentamicin and ciprofloxacin (P < 0.05). 40 Jones et al. 44 found no significant difference between slime-positive and slimenegative CNS strains in terms of their resistance to methicillin. In the present study when slime-positive strains were compared with slime-negative ones, a difference in the oxacillin resistance rate of 5.8% was found, which was also not statistically significant.
In conclusion, slime production based on the ST method was found in 44.9% of CNS strains isolated in this study. Slime-positive CNS strains demonstrated increased resistance to antimicrobial agents which, in some cases, was statistically significant. The findings suggest that there is a correlation between slime production and pathogenicity in CNS strains. Due to the consistency between the results from the three slime production methods (ST, CT and CRA), any of these methods could be used to determine rates of slime production in CNS strains. Positivity by the CVR method was not related to slime production.
